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semiconductor device with variable threshold voltages 



(57) In an SOI-type semiconductor device, a power 
supply voltage (Vdd) is applied to back gates of P-chan- 
nel MOS transistors in a standby mode, and a voltage 
lower than the power supply voltage is applied to the 
back gates of the P-channel MOS transistors in an ac- 
tive mode. A ground voltage (GND) is applied to back 
gates of N-channel IS^OS transistors in the standby 
mode, and a voltage higher than the ground voltage is 
applied to the back gates of the N-channel MOS tran- 
sistors in an active mode. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present Invention relates to a sillcon-on- 
Insulator (SOI)-type semiconductor device. 

Description of the Related Art 

[0002] Portable electronic apparatus have required 
less power dissipation, and therefore, the power supply 
voltage for integrated circuits in such apparatuses has 
been lowered. However, the lower the power supply 
voltage, the lower the operation speed. 
[0003] For example, in an N-channel MOS gate cir- 
cuit, the operation speed is approximately in proportion 
to 

(Vdd - Vtt,)^ 

where Vqd is a power supply voltage; and 
Vjj, is a threshold voltage of a MOS transistor 
Therefore, when the power supply voltage is lowered 
without changing the threshold voltage, the operation 
speed is rapidly lowered. Conversely, when the power 
supply voltage is lowered simultaneously with the low- 
ering of the threshold voltage, a sub threshold current 
is increased so that the power dissipation in a standby 
mode is increased. 

[0004] In a first prior art semiconductor device, in an 
active mode, a power supply voltage Vqq is applied to 
back gates of P-channel MOS transistors, and a ground 
voltage is applied to back gates of N-channel MOS tran- 
sistors, so as to Increase the operation speed with the 
increase of the power dissipation. Conversely, in a 
standby mode, a voltage higher than the power supply 
voltage is applied to the back gales of the P-channel 
MOS transistors, and a negative voltage is applied to 
the back gates of the N-channel MOS transistors. 
Therefore, the absolute values of threshold voltages of 
the P-channel MOS transistors and the N-channel MOS 
transistors are increased so as to reduce the power dis- 
sipation with the lowering of the operation speed (see 
JP-A-4-302897). 

[0005] In the first prior art semiconductor device, how- 
ever, since charge pump circuits are required to gener- 
ate the voltage higherthan the powersupply voltage and 
the negative voltage in a standby mode, the effect of 
reduction of the power dissipation in the standby mode 
is compensated for by the power dissipation of the 
charge pump circuits. Thus, a substantial power reduc- 
tion cannot be expected. 

[0006] In a second prior art semiconductor device, in 
an active mode, a shallow negative voltage is applied to 
a back gate of an N-channel MOS transistor, so as to 
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increase the operation speed with the increase of the 
power dissipation. Conversely, in a standby mode, a 
deep negative voltage is applied to the back gate of the 
N-channel MOS transistor, to raise the threshold voltage 
5 thereof, thus reducing the power dissipation with the 
lowering of the operation speed (see JP-A-60-1 0656). 
[0007] Also, in the second prior art sem Conductor de- 
vice, since charge pump circuits are required to gener- 
ate the shallow and deep negative voltages, the effect 

10 of reduction of the power dissipation In the standby 
mode is compensated for by the power dissipation of 
the charge pump circuits. Thus, a substantial power re- 
duction cannot be also expected. 
[0008] In a third prior art semiconductor, in an active 

15 mode, a voltage lower than a power supply voltage is 
applied to a back gate of a P-channel MOS transistor, 
and a positive voltage is applied to a back gate of an N- 
channel MOS transistor, so as to increase the operation 
speed with the increase of the power dissipation. Con- 

20 versely, in a standby mode, the power supply voltage is 
applied to the back gates of the P-channel MOS tran- 
sistors, and the ground voltage is applied to the back 
gates of the N-channel MOS transistors. Therefore, the 
absolute values of threshold voltages of the P-channel 

25 MOS transistors and the N-channel MOS transistors are 
increased so as to reduce the power dissipation with the 
lowering of the operation speed (see JP-A-6-21443). 
[0009] Thus, in the above-described third prior art 
semiconductor devtee, since charge pump circuits are 

30 unnecessary, the power dissipation can be expected. 
[001 0] However, when the above -descrived third prior 
art semiconductor device is applied to a conventional 
CMOS device, the following problems occur. First, a 
short-circuit is generated between a well and a sub- 

35 strata, and accordingly, it is impossible to control the 
threshold voltages. Also, in a large scale semiconductor 
device, a large parasitic capacitance is generated be- 
tween the well and the substrate. Therefore, when the 
control is transferred from a standby mode to an active 

40 mode or vice versa, the large parasitic capacitance 
needs to be charged or discharged, which requires a 
long transition time. This will be also explained later In 
detail. 



[0011] It is an object of the present invention to pro- 
vide a semiconductor device capable of changing 
threshold voltages between an active mode and a 

50 standby mode without charge pump circuits. 

[001 2] Another object is to provide a low power dissi- 
pation bias voltage generating apparatus. 
[001 3] According to the present invention, in an SOI- 
type semiconductor device, a power supply voltage is 

55 applied to back gates of P-channel MOS transistors in 
a standby mode and a voltage lower than the powersup- 
ply voltage is applied to the back gates of the P-channel 
MOS transistors In an active mode. A ground voltage 
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GND is applied to back gates of N-channel MOS tran- 
sistors in a standby mode and a voltage lower than the 
power supply voltage is applied to the back gates of the 
N-channel MOS transistors in an active mode. In the 
SOI semiconductor device, since the transistors are 
electrically isolated from a substrate, no short-circuit is 
generated between the transistors (well) and the sub- 
strate. Also, since no substantial parasitic capacitance 
exists between the transistors (well) and the substrate, 
a transition time from a standby mode to an active mode 
or vice versa can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention will be more clearly un- 
derstood fromthe description as set forth below, as com- 
pared with the prior art, with reference to the accompa- 
nying drawings, wherein: 

Fig. 1 is a cross-sectional view illustrating a prior art 
N-channel MOS transistor; 
Fig. 2 is a graph showing a relationship between a 
back gate voltage and a threshold voltage of the N- 
channel MOS transistor of Fig. 1 ; 
Figs. 3A and SB are cross-sectional views illustrat- 
ing prior art CMOS devices to which the device of 
Fig. 1 is applied; 

Fig. 4 is a cross-sectional view illustrating a first em- 
bodiment of the SOI-type semiconductor device ac- 
cording to the present invention; 

Fig. 5 is a circuit diagram illustrating a logic circuit 
to which the first embodiment of Fig. 4 is applied; 
Fig. 6 is a plan view of the logic circuit of Fig. 5; 
Figs. 7A, 7B and 7C are cross-sectional views taken 
along the lines A- A', B-B' and C-C, respectively, of 
Fig. 6; 

Fig. 8 is a layout diagram illustrating a second em- 
bodiment of the SOI-type semiconductor device ac- 
cording to the present invention; 
Figs. 9A, 9Band 9C are timing diagrams for explain- 
ing the operation of the device of Fig. 8; 
Fig. 1 0 Is a circuit diagram illustrating a first example 
of the bias voltage generating circuit of Figs. 4, 5 
and 8; 

Fig. 11 is a cross-sectional view of the P-channel 

MOS transistor and the PNP type transistor of Fig. 
10; 

Fig. 1 2 is a graph showing the V-l characteristics of 
the circuit of Fig. 11 ; 

Fig. 1 3 is a cross-sectional view of the N-channel 
MOS transistor and the PNP type transistor of Fig. 
10; 

Fig. 1 4 is a graph showing the V-l characteristics of 
the circuit of Fig. 13; 

Figs. ISA, 15B and 15C are timing diagrams for ex- 
plaining the operation of the bias voltage generating 
circuit of Fig. 10; 

Fig. 16 is a circuit diagram illustrating a second ex- 
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ample of the bias voltage generating circuit of Figs. 
4, 5 and 8; 

Fig. 1 7 is a cross-sectional view of the P-type hybrid 
mode device of Fig. 16; 
s Fig. 1 8 is a graph showing the V-l characteristics of 
the P-type hybrid mode device of Fig. 1 7; 
Fig. 1 9 is across-sectional view of the N-type hybrid 
mode device of Fig. 16; 

Fig. 20 is a graph showing the V-l characteristics of 
10 the N-type hybrid mode device of Fig. 1 9; 

Fig. 21 is a circuit diagram Illustrating a third exam- 
ple of the bias voltage generating circuit of Figs. 4, 
5 and 8; 

Figs. 22 A through 22 E are timing diagrams for ex- 
15 plaining the operation of the bias voltage generating 

circuit of Fig. 21 ; 

Fig. 23 is a circuit diagram illustrating a fourth ex- 
ample of the bias voltage generating circuit of Figs. 
4, 5 and 8; and 
20 Figs. 24A through 24G are timing diagrams for ex- 
plaining the operation of the bias voltage generating 
circuit of Fig. 23. 

DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

[001 5] Before the description of the Dreferred embod- 
iments, a prior art semiconductor device will be explai 
with reference to Figs. 1 , 2, 3A and 3B. 

30 [0016] In Fig. 1, reference numeral 101 designates a 
P-type monocrystalline silicon substrate in which an 
N+-type impurity source region 1 02S and an N+-type im- 
purity drain region 102D arefomied. Also, a gate silicon 
oxide layer 103 is formed between the source region 

35 102S and the drain region 102D, and a gate electrode 
104 made of polycrystalline silicon is fomned thereon. 
[0017] The source region 102S is grounded, and a 
power supply voltage Vqq is applied to the drain region 
102D. Also, a substrate voltage Vgu^^p Is applied to the 

40 substrate 101, 

[0018] Here, if the device of Fig. 1 is an enhancement 
type N-channel MOS transistor, when a positive voltage 
Is applied to the^ate electrode 1 04, a channel is created 
In the substrate 101 between the source region 102S 

^ and 102D. As a result, when a positive current of about 
1 ^iA flows from the drain region 102D to the source re- 
gion 102S, such a positive voltage is called a threshold 
voltage V^^^. 

[001 9] The threshold voltage V^^^ is dependent upon 
50 a back gate voltage .i.e., the s ubstrate voltage y/sxisw 
shown in Fig. 2. That is, the higherthe substrate voltage 
^subn' lower the threshold voltage V^^n Therefore, 
in an active mode, the substrate voltage V^^^i^^ is positive 
to lower the threshold voltage Vj^n. so that the operation 
55 speed is increased and the power dissipation is in- 
creased. On the other hand, in a standby mode, the sub- 
strate voltage Vsubn zero to raise the threshold voltage 
V^hn* so that the sub threshold current Is decreased to 
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decrease the power dissipation and the operation speed 
is decreased. 

[0020] In Fig. 3A, which is a cross-sectional view il- 
lustrating a CMOS device to which the device of Fig. 1 
is applied, reference numeral 201 designates a P'-type 
monocrystalline silicon substrate having an N*-type well 

202 and a P*-type well 203 therein. Fomied in the 
type well 202 are a P+-type source region 203S and a 
P+-type impurity drain region 203D. Also, a gate silicon 
oxide layer 204 is fonned between the source region 
203S and the drain region 203D, and a gate electrode 
205 made of polycrystalline silicon is formed thereon. 
[0021] On the other hand, formed in the P~-type well 

203 are an N+-type impurity source region 206S and an 
N+-type impurity drain region 206D. Also, a gate silicon 
oxide layer 207 is fonried between the source region 
206S and the drain region 206D, and a gate electrode 
208 made of polycrystalline silicon is formed thereon. 
[0022] In Fig. 3A. the substrate 201 is grounded. Also, 
the power supply voltage Vqq is applied to the source 
region 203S, and the source region 206S is grounded. 
The drain region 203D is connected to the drain region 
206D . A substrate voltage Vg^^p 's applied to the N--type 
well 202, and a substrate voltage Vg^^^i applied to the 
P"-type well 203. 

[0023] In an active mode, the substrate voltage Vg^bp 
is lower than the power supply voltage Vqq to lower the 
absolute value of the threshold voltage of the P- 
channel transistor, and the substrate voltage V^^ig^ is 
positive to lower the threshold voltage V^i^r,, so that the 
operation speed is increased and the power dissipation 
is increased. On the other hand, in a standby mode, the 
substrate voltage \/subp ^dd raise the absolute val- 
ue of the threshold voltage V^f^, and the substrate volt- 
age \/suhn ^^^^ raise the threshold voltage Vi^pi so 
that the sub threshold current is decreased to decrease 
the power dissipation and the operation speed is de- 
creased. 

[0024] Note that, if a semiconductor device is divided 
into a plurality of blocks which can operate individually, 
switching control of an active mode and a standby mode 
is performed upon the blocks individually. 
[0025] In Fig. 3A, In a standby mode, the P~-well 203 
is short-circuited to the substrate 201 , so that the entire- 
ty of the semiconductor device (chip) is supplied with 
the same potential as that of the P'-type well 203. Thus, 
it is impossible to switch the blocks individually from an 
active mode to a standby mode or vice versa. 
[0026] Note that (Fig. 3B). if the substrate 201 is of an 
N'-type, the power supply voltage Vqq is applied to the 
substrate 201 . Therefore, in a standby mode, the N~-well 
202 is short-circuited to the substrate 201, so that the 
entirety of the semiconductor device (chip) is supplied 
with the same potential as that of the N'-type well 202. 
Thus, it is also impossible to switch the blocks individu- 
ally from an active mode to a standby mode or vice ver- 
sa. 

[0027] Also, in Fig. 3A, there Is a large parasitic ca- 
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pacitance between the P--type substrate 201 and the 
N"-type impurity region 202. Similarly, in Fig. 3B, there 
is a large parasitic capacitance between the N-type sub- 
strate 201 and the P'-type impurity region 203. There- 
s fore, when the control is transferred from a standby 
mode to an active mode or vice versa, the large capac- 
itance needs to be charged or discharged, which re- 
quires a long transition time. 

[0028] Particularly, in the semiconductor device divid- 
10 ed into a plurality of blocks, a high speed transition from 
a standby mode to an active mode is required for each 
of the blocks, In a transclent state from the standby 
mode to the active mode in a block, it is impossible to 
operate the block, thus reducing the performance of the 
IS semiconductor device. For example, assume that the 
semiconductor device is comprised of 1000000 gates 
under 0.35|a.m design rule, and a substantial capaci- 
tance between the substrate and the P'-type or N'-type 
welts is about 22000 pF. In this case, if a bias voltage 
20 generating circuit having a current supplying capability 
of 1 mA is used, a transition time is about 1 1 |xs and is 
remarkably larger than an instruction execution time 
such as 1 0 to 100 ns. 

[0029] In Figs. 3A and 3B, the substrate voltage Vgy^^p 
25 In an active mode is 

30 where Vp is a forward voltage of a PN junction 

formed by the P+-type impurity regions 203S and 203D 
and the N'-type well 202. Note that, if V^^bp ^ VoQ-Vp, 
a forward current flows through this PN junction. 
[0030] Similarly, in Figs. 3A and 38, the substrate volt- 
es age V^ybn active mode is 

40 where Vp is a forward voltage of a PN junction 

formed by the P--type well 203 and the N+-type impurity 
regions 206S and 206D. Note that. If s Vp, a for- 
ward current flows through this PN Junction. 
[0031] In Fig. 4, which illustrates an embodiment of 

4S the present invention, reference numeral 301 desig- 
nates a monocrystalline silicon substrate having a bur- 
ied silicon oxide layer 302 thereon. Also, a monocrys- 
talline silicon layer for a P-channel MOS transistor and 
a monocrystalline silicon layer for an N-channel MOS 

50 transistor are formed on the buried silicon oxide layer 
302 and are electrically isolated from each other by a 
silicon oxide layer 303. This configuration is fonned by 
using a separation by implanted oxygen (SIMOX) tech- 
nology. That is, oxygen ions are implanted into a monoc- 

55 rystalline silicon substrate, and thereafter, a heating op- 
eration is performed thereupon, thus obtaining a silicon- 
on-lnsulator substrate. 

[0032] In the monocrystalline silicon layer for the P- 
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channel MOS transistor, a P^-type impurity source re- 
gion 304S, a P-^-type impurity drain region 304D and an 
N--type back gate region 305 therebetween are formed. 
Also, a gate silicon oxide layer 306 is formed on the back 
gate region 305, and a gate electrode 307 made of poly- 
crystalline silicon is formed on the gate silicon oxide lay- 
er 306. In this case, the source region 304S and the 
drain region 304D are in self-alignment with the gate 
electrode 307. Also, when a voltage is applied to the 
gate electrode 307, a channel is generated in the back 
gate region 305. 

[0033] In the monocrystalllne silicon layer for the N- 
channel MOS transistor, an N'^-type impurity source re- 
gion 308S, an N^-type impurity drain region 308D and 
a P'type back gate region 309 therebetween are formed. 
Also, a gate silicon oxide Iayer310 is formed on the back 
gate region 309, and a gate electrode 31 1 made of poly- 
crystalline silicon is formed on the gate silicon oxide lay- 
er 310. In this case, the source region 308S and the 
drain region 308D are in self-alignment with the gate 
electrode 311. Also, when a voltage is applied to the 
gate electrode 311 , a channel is generated in the back 
gate region 309. 

[0034] A power supply voltage V^q is applied to the 
source region 304S of the P-channel transistor and the 
ground voltage is applied to the source region 308S of 
the N-channel transistor. Also, the drain region 304D of 
the N-channel transistor is connected to the drain region 
308D of the N-channel transistor. 
[0035] The back gate region 305 of the P-channel 
transistor and the back gate region 309 of the N-channel 
transistor are connected to a bias voltage generating cir- 
cuit 312 which receives an active mode signal ACT. 
[0036] In a standby mode (ACT = "0"), the bias voltage 
generating circuit 312 causes the voltage "^^ubp 
back gate region 305 of the P-channel transistor to be 
Vqq such as 2V, thus increasing the absolute value of 
the threshold voltage V^^p thereof. For example, ^subp 
= 2V, then V^^p = -0.5V. On the other hand, in an active 
mode (ACT = "1"), the bias voltage generating circuit 
312 causes the voltage Vg^bp the back gate region 
305 of the P-channel transistor to be a voltage lower 
than Vqid and higherthan Vqq - Vp, thus decreasing the 
absolute value of the threshold voltage Vf^p thereof. For 
example, Vsubp = .5V,then = -0.2V. 
[0037] Similarly, in a standby mode (ACT = "0"), the 
bias voltage generating circuit 312 causes the voltage 
Vgubn back gate region 309 of the N-channel tran- 
sistor to be GND (= OV), thus increasing the threshold 
voltage Vjhn thereof. For example, Vj^n = 0 5V. On the 
other hand, in an active mode (ACT = "1 the bias volt- 
age generating circuit 312 causes the voltage Vg^^n of 
the back gate region 309 of the N-channel transistor to 
be a voltage V2 higher than OV and lower than Vp, thus 
decreasing the threshold voltage Vtj,n thereof. For ex- 
ample, Vthn = 0.2V. 

[0038] Thus, in a standby mode, the absolute values 
of the threshold voltages are increased so as to de- 
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crease the sub threshold currents, thus decreasing the 
power dissipation. On the other hand, in an active mode, 
the absolute values of the threshold voltages are de- 
creased so as to increase the operation speed. 

s [0039] In Fig. 4, sincethe P-channel transistor and the 
N-channel transistor are electrically isolated from the 
substrate 301 by the buried silicon oxide layer 302, a 
short-circuit is never generated between the transistors 
and the substrate 301 , even when V^ or V2 is applied to 

10 the back gate region 305 or 309. 

[0040] Also, since a parasitic capacitance is hardly 
generated between the back gate region 305 or 309 and 
the substrate 301 , the parasitic capacitance between 
the back gate region 305 or 309 and its neighborhood 

15 can be remarkably reduced. Therefore, a transition time 
from a standby mode to an active mode or vice versa 
by changing the threshold voltages of the transistors can 
be reduced. 

[0041] The semiconductor device of Fig. 4 is applied 

20 to a logic circuit as illustrated in Fig. 5. In Fig. 5, a CMOS 
inverter is formed by a P-channel MOS transistor 501 
and an N-channel MOS transistor 502, and a two-input 
CMOS NAND circuit is formed by P-channel MOS tran- 
sistors 503 and 504 and N-channel MOS transistors 505 

25 and 506. The voltage V^ubp of the back gate regions of 
the P-channel transistors 501 , 503 and 504 and the volt- 
age Vsubn o^the back gate regions of the N-channel tran- 
sisters 502, 505 and 506 are controlled by a bias voltage 
generating circuit 507 which receives an active mode 

30 signal ACT 

[0042] Fig. 6 is a plan view of the circuit of Fig. 5, Fig. 
7A is a cross-sectional view taken along the line A-A' of 
the P-channel transistor 501 of Fig. 6, Fig. 7B is a cross- 
sectional view taken along the line B-B' of the N-channel 

35 transistor 502 of Fig. 6, and Fig. 7C is a cross-sectional 
view taken along the line C-C of the P-channel transis- 
tor 501 and the N-channel transistor 502 of Fig. 6. 
[0043] In Fig. B, 7A, 78 and 7C, reference numeral 
601 designates a monocrystalline silicon substrate hav- 

40 ing a buried silicon oxide layer 602 hereon. Also, a 
monocrystalline silicon layer for P-channel MOS tran- 
sistors and a monocrystalline silicon layer for N-channel 
MOS transistors are formed on the buried silicon oxide 
layer 602 and are electrically Isolated from each other 

^ by a silicon oxide layer 603. This configuration is formed 
by using SIMOX technology. 

[0044] In the monocrystalline silicon layer for the P- 
channel MOS transistor 501 as illustrated in Fig. 7A and 
7C, a P+-type impurity source region 604S, a P"^-type 

50 impurity drain region 604D and an N*-type back gate re- 
gion 605 therebetween are formed. Also, a gate silicon 
oxide layer 606 is formed on the back gate region 605. 
and a gate electrode 607 made of polycrystalline silicon 
is formed on the gate silicon oxide layer 606. In this 

55 case, the source region 604S and the drain region 604D 
are in self-alignment with the gate electrode 607. 
[0045] In the monocrystalline silicon layer for the N- 
channel MOS transistor 502 as Illustrated In Figs. 78 
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and 7C, an N+-type impurity source region 608S, an N+- 
type impurity drain region 608D and a P--type back gate 
region 609 therebetween are formed. Also, a gate sili- 
con oxide layer 610 Is formed on the back gate region 
609, and a gate electrode 611 made of polycrystalline 
silicon is formed on the gate silicon oxide layer 610. In 
this case, the source region 608S and the drain region 
608D are in self-alignment with the gate electrode 811 . 
[0046] Also, in Figs. 6, 7A, 7B and 7C, aluminum lay- 
ers for input terminals INI , IN2, the power supply volt- 
age Vqd, the ground voltage GND, the back gate volt- 
ages Vgyjjp and Vgu^jp, a node and an output terminal 
OUT are formed and are connected by contact holes 
CONT to the semiconductor layers. The contact config- 
uration between the aluminum layers and the semicon- 
ductor layer such as the back gate regions 605 and 609 
are disclosed in Stephen A. Parke et al., "BIpolar-FET 
Hybrid-Mode Operation of Quarter-Micrometer 
SOIFET's". IEEE Electron Device Letters, Vol. 14, No. 
5, pp. 234-236. May 1 993. 

[0047] Thus, the back gate region 605 for the P-chan- 
nel transistor Is In contact with the buried siltoon oxide 
layer 602 and Is surrounded by the source region 604S 
and the drain region 604D, so that the back gate region 
606 can be reduced in size. As a result, the parasitic 
capacitance of the back gate region 605 can be de- 
creased. 

[0048] Similarly, the back gate region 609 for the N- 
channel transistor is in contact with the buried silicon 
oxide layer 602 and Is surrounded by the source region 
608S and the drain region 608D, so that the back gate 
region 609 can be reduced in size. As a result, the par- 
asitic capacitance of the back gate region 609 can be 
decreased. 

[0049] Assume that the device as illustrated in Fig. 4 
is applied to a semiconductor device comprised of 
1 000000 gates under 0.35p.m design rule. Then, the en- 
tire substantial capacitance of the N~-type back gate re- 
gions or the P'-type back gate regions is 1 000 pF. Thus, 
the device can be reduced by 1/20 times as compared 
with the prior art, and a transition time can be also re- 
duced by 1/20 

[0050] Also, In Figs. 4, 6, 7A, 7B and 7C, the back 
gate regions 305, 309, 605 and 609 are preferably ap- 
proximately 30 run to 200 nm thick. That is, if the thtek- 
ness of the back gate regions 305, 309, 605 and 609 is 
smallerthan 30 nm, the resistance thereof is remarkably 
increased to Increase a charging and discharging time 
for the back gate regions, even when the parasitic ca- 
pacitances can be decreased. On the other hand, if the 
thickness of the back gate regions 305, 309, 605 and 
609 is larger than 200 nm, the thickness of the impurity 
regions 3048, 304D, 30BS, 308D, 604S, 604D, 608S 
and 608D is also thick, so that the impurity regions ex- 
pand along the horizontal direction. This is disadvanta- 
geous in the short-channel of the MOS transistors. 
[0051] In Fig. 8, which illustrates a second embodi- 
ment of the present invention, a semiconductor chip 800 
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Is comprised of a plurality of blocks B^, and B3 each 
having P-channel MOS transistors and N-channel MOS 
transistors which have a similar configuration to those 
of Fig. 4. Each of the blocks B^, B2 and B3 is connected 

5 to bias voltage generating circuits 801 , 802 and 803, re- 
spectively, which receive active mode signals ACT1, 
ACT2 and ACT3, respectively. As a result, the switching 
control from a standby mode to an active mode or vice 
versa Is individually performed upon the blocks B^, B2 

10 and B3 as shown In Figs. 9A, 9B and 9C, thus further 
reducing the power dissipation. 

[0052] In Fig. 10, which illustrates a first example of 
the bias voltage generating circuit of Figs. 4, 5 and 8, 
an active mode signal ACT is supplied via two inverters 

IS 1001 and 1002 to a circuit CI for generating the back 
gate voltage V^ubp P-channel transistors, and the 

active mode signal ACT is supplied via the inverter 1 001 
to a circu it C2 for generating the back gate voltage y^ubn 
for the N-channel transistors. That is, the circuit CI is 

20 operated in accordance with the active mode signal 
ACT, and the circuit C2 Is operated in accordance with 
an inverted signal of the active mode signal ACT. 
[0053] The circuit CI includes P-channel MOS tran- 
sistors 1003 and 1004, and a PNP-type transistor 1005 

25 in parallel between the power supply temninal Vqd and 
an output terminal OUT1 . In this case, the absolute val- 
ue of the threshold voltage V|^p' of the transistor 1004 
is smaller than the forward voltage Vp of the PNP-type 
transistor 1 005, i.e.,theforward voltage of a PN junction 

30 thereof. Also, since the gate of the MOS transistor 1 004 
is connected to the drain thereof, the MOS transistor 
1004 serves as a diode. Further, since the base of the 
PNP-type transistor 1 005 is connected to the collector 
thereof, the PNP-type transistor 1005 also serves as a 

35 diode. 

[0054] In addition, the circuit CI includes a resistor 

1006 and an N-channel MOS transistor 1007 in series 
between the output terminal OUT1 and the ground volt- 
age terminal GND. Note that the resistor 1006 can be 

40 connected between the source of the MOS transistor 

1007 and the ground voltage terminal GND, or the re- 
sistor 1006 can be Included In the ON resistance of the 
MOS transistor 1007. 

[0055] In the circuit C1 , when the control is in a stand- 
4S by mode (ACT = "0"), the transistors 1 003 and 1 007 are 
turned ON and OFF, respectively, so that the back gate 
voltage y^ubp output teminal OUT1 is 

50 ^subp = VDD C) 

[0058] In the circuit CI , when the control Is In an active 
mode (ACT = "1"), the transistors 1003 and 1007 are 
turned OFF and ON, respectively, so that the back gate 
voltage ^^ubp ^ dependent upon the MOS transistor 
1004 and the PNP-type transistor 1005. Note that, as 
illustrated in Fig. 11, the MOS transistor 1004 and the 
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PNP-type transistor 1005 are manufactured in an SOI 
configuration similar to that in Fig. 4. In this case, the 
following formula is satisfied: 



(2) 



can be included in the ON resistance of the MOS tran- 
sistor 1012. 

[0060] In the circuit C2, when the control is in a stand- 
by mode (ACT = "0"), the transistors 1 008 and 1 01 2 are 
turned ON and OFF, respectively, so that the back gate 
voltage Vgubn ^ output temnlnal OUT2 is 



where Iq is a current flowing through the resistor 
1 006 and the MOS transistor 1 007; 
1^ is a current flowing through the MOS transistor 
1004; and 

I2 is a current flowing through the PNP-type transis- 
tor 1 005. As shown In Fig. 1 2, the absolute value of 
the threshold voltage of the MOS transistor 
1 004 is smaller than the forward voltage Vp of the 
PN Junction of the PNP-type transistor 1005. Also, 
the slope of the V-l characteristics of the PNP tran- 
sistor 1 005 is steeper than that of the MOS transis- 
tor 1004. Therefore, the curve l.| crosses the curve 
I2 at a point X1. Therefore, the total current 1^ is 
steeper when the total current lo is larger. On the 
other hand, if the value of the resistor 1 006 is R, the 
following formula is satisfied: 



'0 - ^subp^f^ 



(3) 



Therefore, if R is sufficiently large, the curve Iq (= 1^ + 
12) crosses the line Iq (= V^ubp/R) at a point X2. As a 
result, the back gate voltage Vgu^p satisfies 



Vdd-Vf < Vsubp = Vi < 



(4) 



[0057] Thus, when the control is transferred from a 
standby mode to an active mode, the circuit C1 promptly 
reaches the point X2 due to the fast operation of the 
PNP-type transistor 1005. 

[0058] The circuit C2 includes N-channel MOS tran- 
sistors 1 008 and 1 009, and an NPN -type transistor 1 01 0 
in parallel between an output terminal OUT2 and the 
ground voltage terminal GND. In this case, the absolute 
value of the threshold voltage V^^^* of the transistor 1 009 
is smaller than the forward voltage Vp of ttie NPN-type 
transistor 1010, i.e., a forward voltage of a PN junction 
thereof. Also, since the gate of the MOS transistor 1 009 
is connected to the drain thereof, the MOS transistor 
1009 serves as a diode. Further, since the base of the 
NPN-type transistor 1010 is connected to the collector 
thereof, the PNP-type transistor 1010 also serves as a 
diode. 

[0059] In addition, the circuit C2 includes a resistor 
1 01 1 and a P-channel MOS transistor 1 01 2 in series be- 
tween the power supply temiinal Vqq and the output ter- 
minal OUT2. Note that the resistor 1011 can be connect- 
ed between the power supply terminal Vqq and the 
source of the MOS transistor 1012, or the resistor 1011 
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subn 



= 0 



(5) 



[0061 ] In the circuit C2, when the control Is in an active 
mode (ACT = "1"), the transistors 1008 and 1012 are 
turned OFF and ON, respectively, so that the back gate 
voltage V^^^^ is dependent upon the MOS transistor 
1009 and the NPN-type transistor 1010. Note that, as 
illustrated in Fig. 13, the MOS transistor 1009 and the 
NPN-type transistor 1010 are manufactured In an SOI 
configuration similar to that in Fig. 4. In this case, the 
following formula is satisfied: 



lo' = l/ + l2' 



(6) 



where Iq* is a current flowing through the resistor 
1011 and the MOS transistor 1012; 

1^' is a current flowing through the MOS transistor 
1009; and 

I2' is a current flowing through the NPN-type tran- 
sistor 1 01 0. As shown in Fig. 1 4, the threshold volt- 
age Vt^p' of the MOS transistor 1009 is smaller than 
the forward voltage Vp of the PN junction of the 
NPN-type transistor 1010. Also, the slope of the V- 
I characteristics of the NPN transistor 1 01 0 is steep- 
er than that of the MOS transistor 1009. Therefore, 
the curve l^' crosses the curve Ig at a point XI 
Therefore, the total current Iq Is steeper when the 
total current Iq Is larger. On the other hand, if the 
value of the resistor 1 01 1 is R\ the following formula 
is satisfied: 



lo' = (VDD-Vsubn)^R' 



(7) 



Therefore, if R' is sufficiently large, the curve Iq' (= I1 + 
I2) crosses the line Iq' (= 1/R Vgubn) ^ PO^nt X2'. As a 
result, the back gate voltage Sf^^n satisfies 



0 < Vsubn = V2 < Vp 



(8) 



[0062] Thus, when the control is transferred from a 
standby mode to an active mode, the circuit C2 promptly 
reaches the point X2' due to the fast operation of the 
NPN-type transistor 1010. 

[0063] Therefore, in Fig. 10, when the active mode 
signal ACT is changed as shown in Fig. 15A, the back 



7 



13 



EP 1 126 523 A2 



14 



gate voltage V^u^p is Vqq (standby mode) and (active 
mode) as shown in Fig. 15B, and the bacic gate voltage 
^subn '® (standby mode) and Vg (active mode) as 
shown in Fig. 15C. 

[0064] Note that the transistion time from a standby 
mode to an active mode is determined by the resistance 
values of the resistors 1 006 and 1 01 1 and/or the values 
of the ON resistance values of the MOS transistors 1 007 
and 1012. In Fig. 1 6, which Illustrates a second example 
of the bias voltage generating circuit of Figs. 4, 5 and 8, 
a P-type hybrid mode device 1601 is provided instead 
of the P-channel MOS transistor 1004 and the FN P-type 
transistor 1005 of the circuit CI of Fig, 10, and an N- 
type hybrid mode device 1 602 is provided instead of the 
N-channel MOS transistor 1 009 and the FN P-type tran- 
sistor 1010 of the circuit C2 of Fig, 10. Regarding the 
hybrid mode transistors, reference should also be made 
to the above-mentioned Stephen A. Parke et al. docu- 
ment. 

[0065] As Illustrated in Fig. 1 7, the P-type hybrid mode 
device 1601 is manufactured in an SOI configuration 
similar to that in Fig. 4. The V-l characteristics of the P- 
type hybhd mode device 1601 are shown In Fig. 18. In 
Fig. 18, a current li shows V-l characteristics when the 
power supply voltage Vqd 's applied to an N"-type im- 
purity region 1702 which is deemed to be separated 
from the back gate voltage Vgubp, and I2 shows V-l char- 
acteristics of a PNP-type transistor when a gate elec- 
trode 1 704 is deemed to be separated from the back 
gate voltage Vs„^p. As a result, the V-l characteristics 
as indicated by I© =1^ + 1 2 are obtained for the P-channel 
hybrid mode device 1 601 . 

[0066] In more detail, when the back gate voltage 
^subp decreased, the voltages of the gate electrode 
1704 and the N--type impurity region 1702 are de- 
creased. In this case, a potential barrier between a P-*^- 
type impurity source region 1701S and the N"-type im- 
purity region 1702 near a gate silicon oxide layer 1703 
Is decreased. As a result, a base-to-emitter voltage of 
the PNP-type transistor is larger by about 0.3V than the 
base-to-emitter voltage Vpo ' Vp of the V-l characteris- 
tics as indicated by I2 larger. In this case, if the value of 
the resistor 1 006 is R, the following formula is satisfied: 

Therefore, if R is sufficiently large, the curve Iq (^ h + 
Ig) crosses the line Iq (= Vg^^p^R) at a point Y. As a result, 
the back gate voltage Vg^j^p also satisfies: 

Vdd-Vf < V^ubp - V, < Vdd 

[0067] Thus, when the control Is transferred from a 
standby mode to an active mode, the circuit C1 promptly 
reaches the point Y due to the fast operation of the P- 
channel hybrid mode device 1601 . 



[0068] Similarly, as illustrated in Fig. 19, the N-type 
hybrid mode device 1 602 Is also manufactured in an SO I 
configuration similar to that in Fig. 4. The V-l character- 
istics of the N-type hybrid mode device 1 602 is shown 

5 in Fig. 20. In Fig. 20, a current l^' shows V-l character- 
istics when the ground voltage GND is applied to a P- 
type Impurity region 1 902 which is deemed to be sepa- 
rated from the back gate voltage V^ybn, and la" shows V- 
I characteristics of an NPN-type transistor when a gate 

10 electrode 1 904 is deemed to be separated from the back 
gate voltage Vg^bp. As a result, the V-l characteristics 
as indicated by Iq' % I^' + are obtained for the N-chan- 
nel hybrid mode device 1 602. 

[0069] In more detail, when the back gate voltage 
Vsubn is increased, the voltages of the gate electrode 
1904 and the P--type impurity region 1902 are In- 
creased. In this case, a potential barrier between an N+- 
type impurity source region 1901S and the P--type Im- 
purity region 1 902 near a gate silicon oxide layer 1903 

20 is decreased. As a result, a base-to-emitter voltage of 
the NPN-type transistor is smaller by about 0.3V than 
the base-to-emitter voltage Vp of the V-l characteristics 
as indicated by I2* being larger. In this case, if the value 
of the resistor 1 0il is R', the following fonnula is satls- 

25 fied; 

«o' = (Vdd - VsubnV R' 

30 Therefore, If R' is sufficiently large, the curve Iq' ( ^ h' -fr- 
ig') crosses the line Iq' (= (V^d - Vsu^nV R') a* a point YV 
As a result, the back gate voltage "^^^^ also satisfies: 

35 0 < Vsubn = V2 < Vp 

[0070] . Thus, when the control is transferred from a 
standby mode to an active mode, the circuit C2 promptly 
reaches the point Y' due to the fast operation of the N- 
40 channel hybrid mode device 1602. 

[0071] Thus, the bias voltage generating circuit of Fig. 
1 6 is advantageons in integration as compared with that 
of Fig. 10. 

[0072] In Fig. 21 , which illustrates a third example of 
45 the bias voltage generating circuit of Figs. 4, 5 and 8, 
an N-channel MOS transistor2101 is added to the circuit 
CI of Fig. 16, and a P-channel MOS transistor 21 02 is 
added to the circuit C2 of Fig. 1 6. Also, a one-shot pulse 
generating circuit 21 03 is added to the bias voltage gen- 
50 erating circuit of Fig. 1 6. 

[0073] The operation of the bias voltage generating 
circuit 21 is explained with reference to Figs. 22A 
through 22E. 

[0074] In a standby mode before time t^, the active 
55 mode signal ACT is low {= GND) as shown in Fig. 22A. 
Therefore, the MOS transistors 1003 and 1007 are 
turned ON and OFF, respectively. Also, output signals 
PI and P2 of the one shot pulse generating circuit 21 03 
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are low <= GND) and high (= Vqd), respectively, as 
shown in Figs. 22B and 22C. Therefore, the MOS tran- 
sistors 21 01 and 21 02 are both turned OFF. As a result, 
the back gate voltages V^^j^p and V^y^jj, are Vqq and 
GND, respectively, as shown in Fig. 22D and 22E. 
[0075] At time , when the active mode signal ACT is 
switched from low to high (= Vpo) as shown in Fig. 22A, 
the one-shot pulse generating circuit 21 03 generates a 
high level pulse signal PI as shown In Fig. 22B, and 
transmits it to the MOS transistor 21 01 . As a result, the 
bacl< gate voltage Vgy^p is remarl^ably decreased as 
shown in Fig. 22D. Simultaneously, the one-shot pulse 
generating circuit 21 03 generates a low level pulse sig- 
nal P1 as shown in Fig. 22C, and transmits it to the MOS 
transistor 21 02. As a result, the bacl< gate voltage Vg^bn 
is remarkably Increased as shown in Fig. 22E. Also, 
since the transistors 1 003 and 1 007 are turned OFF and 
ON, respectively, the back gate voltage S/^uhp reaches 
detemriined by the ONI-state P-channel hybrid device 
1601 , the resistor 1006 and the ON-state MOS transis- 
tor 1007. On the other hand, since the transistors 1008 
and 1012 are turned OFF and ON, respectively, the back 
gate voltage Vgu^p reaches V2 determined by the ON- 
state P-channel hybrid device 1602, the resistor 1011 
and the ON-state MOS transistor 1012. 
[0076] At time X2, when the active mode signal ACT Is 
switched from high to low as shown in Fig. 22A, the one- 
shot pulse generating circuit 2103 does not generate 
any of the pulse signals P1 and P2. Therefore, since the 
MOS transistors 1003 and 1007 and turned ON and 
OFF respectively the back gate voltages \/sutip 
V 5ut3n become \/qq and GND, respectively, as shown In 
Fig. 22D and 22E. 

[0077] Thus, in the bias voltage generating circuit of 
Fig. 21 , a transition time from a standby mode to an ac- 
tive mode can be reduced as compared with the bias 
voltage generating circuit of Fig. 16. 
[0078] In Fig. 23, which illustrates a fourth example of 
the bias voltage generating circuit of Figs. 4, 5 and 8, a 
P-channel MOS transistor 2301 is added to the circuit 
C1 of Fig. 21 , and an N-channel MOS transistor 2302 is 
added to the circuit C2 of Fig. 21 . Also, another one-shot 
pulse generating circuit 2303 Is added to the bias volt- 
age generating circuit of Fig. 21. Note that the pulse 
width of the pulse signals generated from the one shot 
pulse generating circuit 2103 is larger than that of the 
pulse signals generated from the one shot pulse gener- 
ating circuit 2303. 

[0079] The operation of the bias voltage generating 
circuit 23 is next explained with reference to Figs. 24A 
through 24G. 

[0080] In a standby mode before time t^, the active 
mode signal ACT Is low (= GND) as shown in Fig. 24A. 
Therefore, the MOS transistors 1003 and 1007 are 
turned ON and OFF, respectively. Also, output signals 
PI and P2 of the one shot pulse generating circuit 21 03 
are tow and high, respectively, as shown in Figs. 24B 
and 24C. Therefore, the MOS transistors 21 01 and 21 02 



are both tumed OFF. Further, also, output signals P3 
and P4 of the one shot pulse generating circuit 2303 are 
high and low, respectively, as shown in Figs. 24 D and 
24E. Therefore, the MOS transistors 2301 and 2302 are 
s both turned OFF 

[0081] As a result, the back gate voltages V3„^ and 
^subn are Vqq and GND, respectively, as shown In Fig. 
24F and 24G. 

[0082] At time t^ , wh en the active mode signal ACT is 

10 switched from low to high as shown in Fig. 24A, the one- 
shot pulse generating circuit 21 03 generates a high level 
pulse signal PI as shown in Fig. 24B, and transmits it 
to the MOS transistor 21 01 . Simultaneously, the one- 
shot pulse generating circuit 2303 generates a low level 

15 pulse signal P3 as shown In Fig. 24F, and transmits it to 
the MOS transistor 2301 . As a result, the back gate volt- 
age Vgubp 's remarkably decreased as shown in Fig. 
22D, dueto the two ON-state transistors 2101 and 2301 . 
[0083] On the other hand, the one-shot pulse gener- 

20 ating circuit 21 03 generates a low level pulse signal PI 
as shown in Fig. 24C, and transmits it to the MOS tran- 
sistor 2102. Simultaneously, the one-shot pulse gener- 
ating circuit 2303 generates a high level pulse signal P4 
as shown In Fig. 24E, and transmits it to the MOS tran- 

25 slstor 2302. As a result, the back gate voltage Vgubn 's 
remarkably increased as shown in Fig. 24G, due to the 
two ON-state transistors 2102 and 2302. 
[0084] After time t^ and before time Xq, the one-shot 
pulse generating circuit 2303 does not generate its out- 

30 put signal P3 as shown In Fig. 24D, but the one-shot 
pulse generating circuit 2103 continues to generate its 
output signal PI as shown in Figs. 24B. As a result, the 
back gate voltage Vg^j^p is gradually decreased due to 
only the ON-state transistor 2101 . Simultaneously, the 

35 one-shot pulse generating circuit 2303 does not gener- 
ate its output signal P4 as shown In Fig. 24E, but the 
one-shot pulse generating circuit 21 03 continues to gen- 
erate its output signal P2 as shown in Figs. 24C. As a 
result, the back gate voltage Vgubn 's gradually de- 

40 creased due to only the ON-state transistor 21 02. After 
time t3, since the transistors 1003 and 1007 are turned 
OFF and ON, respectively, the back gate voltage y^ubp 
reaches V| determined by the ON-state P-channel hy- 
brid device 1601, the resistor 1006 and the ON-state 

45 MOS transistor 1 007. On the other hand, since the tran- 
sistors 1008 and 1012 are turned OFF and ON, respec- 
tively, the back gate voltage y^ubn reaches Vg deter- 
mined by the ON-state P-channel hybrid device 1602, 
the resistor 1011 andtheON-state MOS transistor 1012. 

50 [0085] At time t4, when the active mode signal ACT Is 
switched from high to low as shown in Fig. 24A, the one- 
shot pulse generating circuits 2103 and 2303 do not 
generate any of the pulse signals PI, P2, P3 and P4. 
Therefore, since the MOS transistors 1 003 and 1 007 are 

55 turned ON and O FF respectively the back gate voltages 
Vsubp snd Vsubn become Vqq and GND, respectively, as 
shown in Fig. 24F and 24G. 

[0086] Thus, In the bias voltage generating circuit of 
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Fig. 23, when the control is transferred from a standby 
mode to an active mode, it is possible to prevent the 
output tenninal OUT1 from being over-discharged and 
the output terminal OUT2 from being overcharged. 
[0087] In Fig. 23, the driving capability of the MOS 
transistor 2301 (2302) is preferably larger than that of 
the MOS transistor 2101 (2301), to further improve the 
controllability or the convergence of the back gate volt- 
ages Vs^^bp and Vg^^bn- 

[0088] As explained hereinbefore, according to the 
present invention, since the transistors are electrically 
isolated from a substrate, no short-circuit is generated 
between the transistors and the substrate. Also, since 
no substantial capacitance exists between the transis- 
tors and the substrate, a transition time from a standby 
mode to an active mode or vice versa can be reduced. 



Claims 

1. A bias voltage generating apparatus, comprising: 

a first power supply means for a supplying first 
power supply voltage (Vq^); 
a second power supply means for supplying a 
second power supply voltage (GND); 
a first output tenninal (OUT1); 
a second output terminal (OUT2); 
a first switching element (1 003) connected be- 
tween said first power supply means and said 
first output terminal, said first switching element 
being turned ON in said standby mode and be- 
ing turned OFF in said active mode; 
a first diode means (1 004) fomned by a P -chan- 
nel MOS transistor and connected between 
said first power supply means and said first out- 
put terminal; 

a second diode means (1005) fomned by a 
PNP-type transistor and connected between 
said first power supply means and said first out- 
put terminal, an absolute value of a threshold 
voltage (V^f^p) of said first diode means being 
smaller than a fonvard voltage (Vp) of said sec- 
ond diode means; 

a switching element (1007) connected between 
said first outputterminal and said second power 
supply means, said second switching element 
being turned OFF in said standby mode and be- 
ing turned ON in said active mode; 
a third switching element (1008) connected be- 
tween said second output terminal and said 
second power supply means, said third switch- 
ing element being turned ON in said standby 
mode and being turned OFF in said active 
mode; 

a third diode means (1 009) formed by an N- 
channel MOS transistor and connected be- 
tween said second output temilnal and said 



second power supply means; 
a fourth diode means (1010) formed by an 
NPN-type transistor and connected between 
said second output tenninal and said second 

5 power supply means, a threshold vottage(Vthn') 

of said third diode means being smaller than a 
fonward voltage (Vp) of said fourth diode 
means; and 

a fourth switching element (1012) connected 
10 between said first power supply means and 

said second output terminal, said fourth switch- 
ing element being turned OFF in said standby 
mode and being turned ON in said active mode. 

15 2. The apparatus as set forth in claim 1 , wherein 



said first switching element comprises a P- 
channel MOS transistor operated in response 
to an active mode signal (ACT), 
said second switching element comprising an 
N-channel MOS transistor operated in re- 
sponse to said active mode signal, 
said third switching element comprising an N- 
channel MOS transistor operated in response 
to an inverted signal of said active mode signal, 
said fourth switching element comprising a P- 
channel MOS transistor operated in response 
.to the inverted signal of said active mode sig- 
nal. 
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The apparatus as set forth in claim 1 , further com- 
prising: 

a first resistor (1 006) connected in series to 
said second switching element between said 
first power supply means and said first output 
terminal; and 

a second resistor (1011) connected in series to 
said fourth switching element between said first 
power supply means and said second output 
terminal. 

The apparatus as set forth In claim 1 , further com- 
prising: 

a fifth switching element (2101) connected be- 
tween second first output terminal and said sec- 
ond power supply means; 
a sixth switching element (21 02) connected be- 
tween said first power supply means and said 
second output terminal; and 
a first one-shot pulse generating circuit (2103) 
for generating a first pulse signal (PI) and a 
second pulse signal (P2) in response to a tran- 
sition from said standby mode to said active 
mode, said first pulse signal being transmitted 
to said fifth switching element to turn ON said 
fifth switching element, said second pulse sig- 
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nal being transmitted to said sixtli switching el- 
ement to tum ON said sixth switching element. 

5. The apparatus as set forth in claim 4, wherein 

5 

said fifth switching element comprises an N- 
channel MOS transistor, 
said sixth switching element comprising a P- 
channel MOS transistor. 

10 

6. The apparatus as set forth in claim 4, further com- 
prising: 

a seventh switching element (2301 ) connected 
between said first output terminal and said sec- 15 
ond power supply means; 
an eighth switching element (2302) connected 
between said first power supply means and 
said second output terminal; and 
a second one-shot pulse generating circuit 20 
(2303) for generating a third pulse signal (P3) 
having a smaller pulse width than said first 
pulse signal and a fourth pufse signal (P4) hav- 
ing a smaller pulse width than said second 
pulse signal in response to a transition from 25 
said standby mode to said active mode, said 
third pulse signal being transmitted to said sev- 
enth switching element to turn ON said seventh 
switching element, said fourth pulse signal be- 
ing transmitted to said eighth switching element 30 
to turn ON said eighth switching element. 

7. The apparatus as set forth in claim 6, wherein 

said seventh switching element comprises an 3S 
N-channel MOS transistor, 
said eighth switching element comprising a P- 
channel MOS transistor. 

8. A bias voltage generating apparatus, comprising: 40 

a first power supply means for supplying a first 
power supply voltage (Vqq); 
a second power supply means for supplying a 
second power supply voltage (GND); ^ 
a first output terminal (0UT1); 
a second output terminal (OUT2); 
a first switching element (1003) connected be- 
tween said first power supply means and said 
first output tenninal, said first switching element so 
being turned ON in said standby mode and be- 
ing turned OFF in said active mode; 
a first diode means (1 601 ) formed by a P-chan- 
nel hybrid mode device and connected be- 
tween said first power supply means and said 
first output terminal; 

a second switching element (1007) connected 
between said first output temnlnal and said sec- 



ond power supply means, said second switch- 
ing element being tumed OFF in said standby 
mode and being turned ON In said active mode; 
a third switching element (1 008) connected be- 
tween said second output terminal and said 
second power supply means, said third switch- 
ing element being turned ON in said standby 
mode and being turned OFF in said active 
mode; 

a third diode means (1602) fonned by an N- 
channel hybrid mode device and connected be- 
tween said second output terminal and said 
second power supply means; and 
a fourth switching element (1012) connected 
between said first power supply means and 
said second output terminal, said fourth switch- 
ing element being turned OFF in said standby 
mode and being turned ON in said active mode. 

9. The apparatus as set forth in claim 8, wherein 

said first switching element comprises a P- 
channel MOS transistor operated in response 
to an active mode signal (ACT), 
said second switching element comprising an 
N-channel MOS transistor operated in re- 
sponse to said active mode signal, 
said third switching element comprising an N- 
channel MOS transistor operated in response 
to an inverted signal of said active mode signal, 
said fourth switching element comprising a P- 
channel MOS transistor operated in response 
to the inverted signal of said active mode sig- 
nal. 

10. The apparatus as set forth in claim 8, further com- 
prising: 

a first resistor (1006) connected in series to 
said second switching element between said 
first power supply means and said first output 
terminal; and 

a second resistor (1011) connected In series to 
said fourth switching element between said first 
power supply means and said second output 
terminal. 

11. The apparatus as set forth in claim 8, further com- 
prising: 

a fifth switching element (2101) connected be- 
tween said first output terminal and said second 
power supply means; 

a sixth switching element (21 02) connected be- 
tween said first power supply means and said 
second output terminal; and 
a first one-shot pulse generating circuit (2103) 
for generating a first pulse signal (PI) and a 
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second pulse signal (P2) In response to a tran- 
sition from said standby mode to said active 
mode, said first pulse signal being transmitted 
to said fifth switching element to turn ON said 
fifth switching element, said second pulse sig- s 
nal being transmitted to said sixth switching el- 
ement to turn ON said sixth switching element. 

12. The apparatus as set forth In cialm 11 , wherein 

10 

said fifth switching element comprises an N- 
channel MOS transistor, 
said sixth switching element comprising a P- 
channel MOS transistor. 

15 

13. The apparatus as set forth in claim 1 1 , further com- 
prising: 

a seventh switching element (2301 ) connected 
between said first output temiinal and said sec- 20 
ond power supply means; 
an eighth switching element (2302) connected 
between said first power supply means and 
said second output terminal; and 
a second one-shot pulse generating circuit 25 
(2303) for generating a third pulse signal (P3) 
having a smaller pulse width than said first 
pulse signal and a fourth pulse signal (P4) hav- 
ing a smaller pulse width than said second 
pulse signal in response to a transition from so 
said standby mode to said active mode, said 
third pulse signal being transmitted to said sev- 
enth switching element to tum ON said seventh 
switching element, said fourth pulse signal be- 
ing transmitted to said eighth switching element 35 
to turn ON said eighth switching element. 

14. The apparatus as set forth in claim 13, wherein 

said seventh switching element comprises an 40 
N-channel MOS transistor, 
said eighth switching element comprising a P- 
channel MOS transistor. 
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